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Abstract: Mtreo retinal surgery has seen a sea of change since its introduction by Robert Machemer. The indications for vitrectomy have
expanded dramatically and hither to inoperable conditions have become amenable to surgical treatment. The advent of 23 and 25 gauge
vitrectomy isan important milestone. In addition toimprovisationin the design of intraocular instruments, we have seen over a period of time
additionsto thearmamentariumof the vitreo retinal surgeon, in the formof asvarious dyesto enable better visualization and amore conplete

removal of vitreous and membranes. The future may see increased

usage of enzyme assisted vitrectomy. Improvements in the design of the

retinal prosthesis could see its increased acceptance and possibly a more wide spread usage.

INTRODUCTION

Theintroduction of pars planasurgery by Dr Robert Machemer wasan
important milestonein thesurgical management of vitreoretina diseases.
Alot of modificationshave sincetaken placein theinstrumentation. With
increasing expertise, more and more diseases have become amenable to
surgical management. This article gives a bird's eye view of the recent
developmentsin thisfield.

INSTRUMENTATION

Whiletheinitid insrumentswere 16 gaugeand combined dl thefunctions
of infusion, suction, cutter and even illumination (VISC, Vitreophage,
Rotoextractor), they were quickly replaced by the 20 gauge insruments
with split functions (Connor O' Mdley’s Ocutome). A 3 port vitrectomy
hasbecomethestandard of carewithasewed oninfusoncannula, usudly
placed infero-temporaly, while the upper two sclerotomies are used for
the active ingruments. Except for the intra ocular magnet and foreign
body forceps (usudly 19 or 18 gauge), al insruments were of the 20
gauge size. Innovations include the reduction in size of the instruments,
newer design of instruments, changing illumination techniques and
changing visudization techniques.

Vitreous cutter: 23 and 25 gauge insdruments? are increasingly being
usad for smple and sometimes even complicated surgeries. Suture less
vitrectomy is made possible with the reduction of the size of the
instruments, aong with thetwo step entry methodsthat havebeen adopted.
Mog of the intra ocular instruments have been made available in the
smdler gauge S0 that enlargement of the sclerotomy is rarely required.
Even injection and extraction of viscous fluid (slicone ail) is possble.
Theingruments however tend to bend eesily (despite recent innovations
in the hardness of the metal used for the instruments) and hence
complicated digbeticvitrectomies, surgery for ssverePVR, andintraocular
foreign body etc till require a 20 gauge surgery.

High speed cutters The present generation cutters have cut rates up to
5000 times per minute. The foot switch can be programmed to control
the suction and cut rate Smultaneoudy for various steps of the surgery
(3D contral). The opening in the probe is dso placed closer to the tip
enabling close shaving of the vitreous from theretind surface. The duty
cycdeisaso adjusted o that despite high cut rates, the port remains open
for long enough time to enable adequate suction to take place®.

Newer design of insruments: A variety of forceps and spatulas are
available for various steps of the surgery. Internd limiting membrane
pedling is made smple with the availability of fine forcepsthat can hold
this extremely thin membrane.

ILLUMINATION

Xenonlight sourcehasgiven brilliant illumination compared totheha ogen
light source. The torpedo light pipe can be fixed separately through a
smdl 25 gauge opening providing chanddier type illumination so that
true bimanud surgery ispossible

Visualization: Wide angle viewing systems (BIOM, EIBOS etc) have
become the norm. The new microscopes have foot switch control for the
focusing of the BIOM and the image inverter automaticaly comesinto
place when the lensis brought in to position.

Control of the intra ocular pressure during surgery is possible more
precisgly in some of the recent designs, usng a syssem where in ar is
pumped into the infusion bottle and drives the fluid at a fixed pressure.
Sensors can detect excessive legk from sdlerotomies and compensate for
the same by increasing the infusion rate.

A plethora of forceps, scissors and spatulas are available for various
purposes. Procedureslikeinternd limiting membrane removd are made
relaively easy by these precision made forceps.

The endoscopeis another innovation, dthough of limited use and can be
avaue addition to the armamentarium of the vitreo-retind surgeon®. Itis
of specid usein caseswithtemporary cornedl opacification and associated
posterior ssgment problem needing surgery asin traumatized eyes. Use
of endoscope diminates the need for combining the posterior segment
surgery with corneal grafting. Endoscopes can aso be potentialy useful
in retind reattachment surgery in eyes with permanent keratoprosthesis.

INTERNAL TAMPONADING AGENTS

Norton® introduced use of expansile gases such as sulphur hexafluoride
and perfluoro propane while Cibis introduced silicone ail®. Silicone oil
was initidly used without vitrectomy more as an instrument rather than
tamponading agent. ItwasZjovonovic” who popularized theuseof silicone
oil asatamponading agent after athorough vitrectomy and mohilization
of theretina. Inadditiontotheavailahility of different viscogtiesof slicone
oil (1000 and 5000 centistokes), heavy slicone ail (densiron) is dso
avallablethat sinksinwater and hence can be used to tamponadeinferior
retinabetter®. Perfluorocarbon liquids are animportant contribution made
by Sanley Chang to VR surgery®. They have indeed revolutionized the
way surgery isheing done. Theseheavier thanwater liquidsareusedintra
operatively to fadilitate various procedureslike, inverting theflap of giant
retind tear, performing relaxing retinectomies, displacement of subretina
fluid, blood etc, floating did ocated intraocul ar lens, stabilizing theposterior
pole for peripherd dissection etc. Perfluoro carbon liquids are mostly
used as intra operative agents and only rardly are used for long term
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(medium term) tamponade as with perfluoro phenanthrene (vitreon).
Siliconeail isdill thebest long term tamponading agent availableathough
the search is on for a better subdtitute.

UPDATE ON SURGICAL TECHNIQUES

Suturelessvitrectomy®: Thisinnovationfor thevitreo-retina surgeon
issmilar to what the phaco emulsfication was for the anterior segment
surgeon. The gpped of not having to suture the sclerotomiesis atractive,
but perhaps not the most important. The fact that smaller openings are
made in the sclerais perhgps more important. The entry is made trans-
conjunctivaly and using a trocar and cannula system. A deliberate
mismatchisamed between theconjunctival and sclerd opening by pulling
the conjunctivato one Sdewhile penetrating the eyewal. The entry into
the eye itsdf is done in a two step fashion with an acute angled intra
lerd track followed by aless acute entry across the last part of sclera
and the ciliary body. Entry perpendicular to scleraisavoided & dl costs.
The cannulashould idedlly rest at an acute angle to the seraand not a
90 degrees. Similar principles hold good for 23 and 25 gauge
instrumentation. 25 gauge instruments are more dender and proneto get
bent especidly if significant dissectionisneeded. Most of theintraocular
forcepsand stissorsare availablein the smdl dimensions so that for most
purposes, the sclerotomies need not be enlarged. Once the surgery is
completed, addiberate pressureis goplied on the Ste after the cannulais
removedtill dl lesk stops. In case of doubt, one doesnot hesitateto place
agngle gtitch of 7-0 or 8-0 vicryl across the conjunctiva and the sclerg,
rather than risk post operative hypotony and infection. The suture less
vitrectomy cannot be done in cases with previous conjunctiva scarring;
in casesrequiring buckleplacement (S nce conjunctivaneedsto beopened);
and for surgeries requiring enlargement of sclerotomy as in I0FB,
complicated PVR etc. Recently 27 gauge vitrectomy has also been tried
and shown to be possible in sdlected indications®.

ENZYME ASSISTED VITRECTOMY

Lysing the adhesion of the vitreous to the retina using pharmacological
means could potentidly help in Smplifying the vitrectomy. This concept
has been tried with use of plasmin, urea etc. Microplasminis asynthetic
preparation and hence doesnot need to be prepared from patient’ splasma
Theresultsfrom Treseet d have shown useful gpplicationin management
of retind detachment secondary to Retinopathy of prematurity®® as well
in congenital retinoschisis®*. Similar positive effect was noted with
microplasmin- arecombinant molecule conssting of thecatayticdomain
of human plasmin®™.

CHROMOVITRECTOMY®

Thisterm has been gpplied to the use of severd dyes and drugsto Sain
various structures to fecilitate their identification and removad.

Sodium fluorescein: Fluorescein has been used to dain the vitreous.
Thisfadilitates amore complete removal of the vitreous.
Triamcinoloneacetonide!: Thishasbeenused bothtoidentify theresdud
vitreous aswell asfor internd limiting membrane. Injected immediately
after anterior vitrectomy, the crystals enable identification of the resdud
vitreousand enable proper induction of the posterior vitreousdetachment.
If injected after PVD has been induced and core vitrectomy performed,
the crystals can outline the ILM and help itsremoval.

Indocyanine green: Thisdye stainsthe ILM preferentidly and endbles
its remova with condderable ease. However there is sgnificant risk of
toxicity to retina and retind pigment epithelium. Phototoxicity is dso
enhanced dueto dye- light interaction'®. Most surgeonshavedrifted avay
from ICG asatool for ILM daining.

Trypan blue'”: Thisdyewhichisoften used by anterior ssgment surgeons
to stain the anterior capsule of thelenscan dso be used to sainthe ILM.
However grester concentration is required. The staining is less intense
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than with 1CG but in most cases auffices. Toxicity to trypan blueisnot a
maor issue.

Infra cyanine green (0.5mgs/ml) has been successfully used to stain
ILM in mecular hole surgery aswel asin removing resdud ILM after
ERM removd. Unlike ICG it does not contain lodine. Severd reports
atest to its sefety.

Brilliant blue green (BBG) has been used in a concentration of 0.25
mgs ml to stain ILM in macular hole surgery. The specific advantage of
BBG isthat it doesnot tain ERM but sdectively stainsILM very well.
Toxicity to RPE and retina have been reported with this dye as well*°.
Patent blue stainsthe ILM and ERM weekly.

Experimental studies on outer blood retind barrier used messurements
of transepithelid e ectricd resstance(TER) and observation of monolayer
of RPE cdllsunder transmission electron microscope. Most studies have
shown significant toxicity of 1CG unlike other drugs®.

MEMBRANE PEELING TECHNIQUES

Traditiondly the three port vitrectomy enabled membrane peding with
one instrument while the other hand held the light pipe. True bimanua
surgery requires use of two active instruments such as the forceps and
scissors. Bimanual dissectionintheretind periphery ispossibleinaphakic
and pseudophakic eyes, using themicroscopeillumination and facilitation
by sclerd indentation. A fourth port dlows either ahand held light pipe
(held by assstant) or one can fix alight pipe such as the torpedo light
pipe. lllumination can be combined with infusion or one can aso use
illuminated forceps The Topcon'soffismicroscopeoffersditilluminaion
thet enables visudization of the retinawithout need for endoilluminator.
Bimanua surgery has endbled rapid and precise dissection of digbetic
membranes. However one must be conscious of the continuous traction
being applied by the forceps which can result in inadvertent and
uncontrolled forward pull ontheretinathat canresult iniatrogenic retina
bresks. Use of high speed cutterswith cutting port closeto thetip of the
instrument has enabled remova of most membraneswith cutter and thus
minimize the use of scissors and forcepsiin digbetic retinopathy.
Removd of theinternd limiting membrane has been advised asameans
of reducing therisk of postoperativemacular pucker ineyesheing operated
for retina detachment with PVR.
Theuseof widefidld visudization system hasprovided with apanoramic
view of thewhole of thereting, thus enhancing amore completeremoval
of al traction.

RELAXING RETINECTOMIES

Zivojnovic® popularized the concept of cutting the contracted retinain
order to permit the rest of the retina to get resttached. With experience
one can judge which part of theretinais contracted and plan the areato
be excised. With the wide spread use of perfluorocarbon liquids, it has
become possible to reattach the retinaeven with 360 degreeretinectomy.
Inmost cases of retinal detachments secondary to penetrating trauma, the
retinacould be variably incarcerated in thewound. Thisisbest managed
by aliberd retinectomy.

SUBMACULAR SURGERY

Mathew Thomas popularized the concept of removing submacular
choroidd neovascular membranes through a smal retinotomy crested
posteriorly near the horizontal raphe?. Specid insrumentswere devised
toreach themembrane, dissect it from the RPE and the retinaand deliver
into the vitreous cavity. Contrary to popular concepts, theretinotomy did
not need trestment with laser. With the advent of anti VEGF drugs and
photodynamic therapy, the need for submacular surgery has diminished
grossly. Submacular surgery is still useful for removing massive
submeacular hemorrhages®. Such haemorrhagesare commonly seen after
trauma, age related macular degeneration and idiopathic polypoidal
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choroidd vasculopathy (IPCV). Usedf tissueplaminogen activator dong
withvitrectomy hashel pedliquefy thebl ood and suck out thesamethrough
ardaivey smdl retinotomy. Sub RPE hemorrhages however are not
accessible for this gpproach.

SURGERY FOR RETINAL DETACHMENTS
ASSOCIATED WITH RETINOPATHY OF
PREMATURITY

Although surgery for sage5 ROPhave beeninvoguefor sometimewith
predictably very poor results, lens sparing vitrectomy for Sage 4aand 4b
ROP has become popular in the recent years?. Thetechniqueispossble
ineyesthat had good peripherd retind ablation and yet developed retinal
detachment. These eyes can develop retind detachment &t the Site of the
ridge or optic disc or both. Lens sparing vitrectomy can be performed
through 2 or 3 port approach. In contrast to surgerieson stage 5 ROP, the
results are more gratifying.

SURGERY FOR MACULAR HOLE

Macular hole surgery has become more or less standardized with
vitrectomy, ILM pedling and gas tamponede. The ILM in most casesis
stained with one of the severd dyes described above. With experience,
the ILM peding can be done quite araumaticdly. In generd the ILM is
pedled up to the arcades.

SURGERY FOR COMPLICATIONS OF

RETINOSCHISIS*

Vitrectomy approach may beindicated in eyeswithjuvenileretinoschiss
if 1. Thereisrhegmatogenousretina detachment secondary to outer layer
bresksor bresksin bothlayers. 2. Vitreoushemorrhage dueto bleed from
unsupported retind blood vessdls 3. Overhanging cyst over the macula
4. Traction on maculadueto the taut inner layer.

Theunderstanding that theinner layer can act assamembraneand prevent
theretind regttachment haslead to excison of thislayer in sdected cases
to facilitate better surgicd success.

SURGERY FOR AGE RELATED
MACULAR DEGENERATION

Cases with macular damage despite anti VEGF drugs, and PDT have
sometimesbeen managed by mecular trand ocation. Although the concept
is not new, different modifications have been described. The origina
technique described by Machemer involved 360 degree retinotomy and
induction of retind detachment and rotating the retina to the desired
positionandfixingthesame®. Therearecons derableproblemsininducing
the retind detachment as well as rotating the retina. Tano described a
technique of limited retinotomy?” and de Juan described a technique of
shifting the macula by in folding the sclera®. This technique resulted in
limited macular translocation and not often predictably. Eckardt
popularized the technique of combining the macular trandocation with
surgery on the oblique musclesin order to correct the torque so induced?®.
Vitrectomy has dso been used to perform epimacular brachy thergpy
using Strontium 90 for a 4 minute exposure as treatment of CNVM

secondary to AMD®.
THE RETINAL PROSTHESIS

The concept of bypassing the retind processing of visud information
usnganatificid chipisvery atractive. Thepresent typesof such artificia
retinal prosthesis are ether placed in front of the retina (epiretina
prosthesis)®* or between the retinaand the RPE (subreting prosthesis)®.
Thistypeof implant requiresthe other layersof theretinato befunctiona
athough the photoreceptor layer may be atrophic. Since the information
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isfed into the bipolar layer, the processing power of the retinais utilized
to some extent.

Most of theretind prosthesisarein experimentd tridson limited subjects
and need more improvisation in the resolution of the image obtained as
well asthetechnique before they can be gpplied to alarger population on
routine basis. Currently the indications for use are in end stage retinitis
pigmentosa and age related macular degeneration.

INTRA VITREAL DRUGS

The blood retind and blood aqueous barriers preclude accumulation of
high concentrationinthevitreouscavity of most of thedrugsadministered
systemicaly. Hence, the need to inject drugs directly into the vitreous
cavity so as to achieve effective concentrations. The commonly
adminigtered drugs are asfollows:

Antibacterid antibictics Vancomycin, Amikacin, and Ceftazidime.
Anti fungd antibiotics Amphotericin-B; Voriconazole, Fluoconazole
Anti viral drugs Gancyclovir

Steroids: Triamcinolone acetonide, Dexamethasone, Flucinolone
acetonide

Anti VEGF drugs: Pegaptanib sodium, Bevacizumab, Ranibizumab
Anti Metabolites Methotrexate

INTRA VITREAL DRUG DELIVERY
DEVICES

Inview of the short hdf life of the drugs injected in the vitreous cavity,
attemptshavebeen madeto develop dow releasedevises. Thefirst device
wastheimplant used for sustained release of gancyclovir®. This needed
surgery to implant ardatively large device that is sutured to the sclera
Retisertisasmilar devicemadetoreleasefluocinolonein casesof uvatis®.
The‘Ozurdex’ isan injectable device containing atotaly biodegradable
materid of dexamethasonecombined with polyglycollicacid. Itisinjected
through a 23 gauge needle and lasts up to 6 months.

Anocther device with fluocinolone has dso gone through dlinical trids.
Although it is injected through a 25 gauge needle, it is not totally
biodegradable. The tube remains in the vitreous cavity permanently.

A helical implant that is screwed into the eye has dso been tried. This
device has the largest surface area for the elution of the drug. However
part of thedeviceremainsextraocular (subconjunctiva), and hencethere
isarisk of eroson and infection™.

The future may show more of these drug delivery devices that may
incorporate drugs such as anti VEGF agents etc. Drugs combined with
fibrin sedlant have a'so been tried as sustained release devices. Theseare
placed dose to the sclera®.

THE EYE UNDERGOING
VITREORETINAL SURGERY

Visudisation is of utmost importance during vitreo retind surgery. A lot
of newer anterior segment innovationsinterfere significantly with proper
visudlization during vitreo retind surgery and hence provide achdlenge
for the surgeon.

Multifocal IOL s the concentric rings and the varying refraction from
centre to periphery of the IOL can sometimes pose problems™.

Radial keratotomy scars. especidly when they extend too far into the
centre. Fortunately withtheadvent of LASIK,, eyespresenting with reting
detachment and radid keratotomy scars have becomerrare.

Eyesthat underwent LASIK: dthough these eyes do not produce any
interference with visudization, one must be conscious of the presence of
LASIK flgp. Corned epithelium remova should be avoided.

Eyeswith phakicl OLs Phakic|OLsareperformedin highmyopiathat
is not amenable for LASIK and these eyes are d<o at risk for retind
detachment. In addition to problems of multiple optica interfaces caused
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by theIOL in front of the crystalline lens, measures such as paracentesis
could be potentidly dangerous.

Eyeswith Sderal fixated | OL s During fluid air exchange, theair collects
fredy in front of the IOL and this can interfere with visudization.
Eyesthat havetwo | OL sin theeye- Some aggressive surgeonsimplant
one |OL in the anterior chamber even if one |OL has didocated into the
vitreous cavity. Considering the problems that these eyes would have
suffered, retina detachment is not uncommonly associated with this
Stuation. Managing these eyesmay involveremovd of both thelOLsas
thefirst sep.

Eyes with epiretinal prosthesis- Eyes undergoing retind prosthesis as
trestment for retinitis pigmentosa can dso develop retind detachments,
congdering that the prosthesisis fixed to retinausing retina tacks etc.
Eyes with retinal inserts The management of retind detachments in
these eyesis no different from routine cases except that the retisert may
need to be removed & the sametime.

Eyesthat underwent permanent keratoprosthess- therisk of retina
detachment isvery highineyesthat undergo permanent keratoprosthesis®.
The gtuation is complicated by smal gperture of the opticd cylinder
(usualy 3mm), presenceof retrocylinder membranesand dtered anatomy
of the limbus. Very often the keratoprosthesis lamina may have to be
temporarily removed tofacilitatetheretina reattachment surgery following
whichit isreplaced.
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such as ultra thin computer monitors.

NoBeL Prize IN MEDICINE

Dr. Robert Edwards, 85 year old Professor Emeritus at the University of Cambridge has been awarded the Nobel Prize in Medicine for
the year 2010, for his work on Invitro Fertilisation (IVF), which led to the birth of the world's first test tube baby. His work has made
fundamental contributions like how human egg mature?, how different hormones regulate their maturation? and at which point of time
the eggs are susceptible to the fertilising sperm? Dr. Edwards research has so far led to the birth of around 4 million people.

Nobel Prize in Chemistry 2010: Richard Heck of US and Ei-lchi Megishi and Akira Suzuki of Japan shared the Nobel Prize in
Chemistry for developing a process called palladium — catalysed cross coupling — a means of knitting carbon atoms together paving the
way for new drugs to fight cancer, HIV, herpes virus infections, as well as developing revolutionary plastics for consumer application

Nobel Prize in Physics 2010: Two Russians Scientists Dr. Andre Gein and Dr. Constantan Novoselov were awarded in Nobel Prize
in physics 2010 for their ground-breaking work on graphene- a form of carbon touted as the wonder material of the 21% century.




